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(54) A method for characterizing a response function of an output device 



(57) A method for characterizing a response func- 
tion of an output device, the method comprises the steps 
of producing a test image on the output device with a 
set of one or more test patches having known code val- 
ues; obtaining one or more captured images of the test 
image using a digital camera; determining colorimetric 
values for each of the test patches in the captured im- 
ages using a known response function of the digital 
camera; and determining a response function of the out- 
put device which relates the known code values to the 
determined colorimetric values. 
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Description 

[0001] The invention relates generally to the field of 
output devices such as printers and video displays and, 
more particularly, to a method for characterizing the out- 
put devices by using a digital camera. 
[0002] A computer system typically includes a base 
unit containing the primary electronics for performing 
processing functions, a video display for displaying text, 
graphics and images thereon, and a printer for printing 
hardcopies. Over time, the printer and video display, 
hereinafter collectively referred to as output devices, 
drift from their original state, or may be in an unknown 
state. Therefore, it is desirable to characterize the print- 
er and video display for determining their current state 
so that calibration of the output device or modification 
of subsequent incoming data can be performed. 
[0003] Presently, for characterization of output devic- 
es, a known input is sent to the output device, and spe- 
cialized and costly equipment (such as a spectropho- 
tometer, colorimeter, densitometer, or spectroradiome- 
ter) is used for measuring the hardcopy or softcopy out- 
put of the device produced from this input. Given this 
information, output devices can be calibrated to a known 
aim response using standard techniques or subsequent 
incoming data can be modified according to the derived 
characterization. 

[0004] Although the presently known and utilized sys- 
tems and methods are satisfactory, they are not without 
drawbacks. The specialized testing equipment is costly 
and its primary purpose is only for this testing, which 
makes it even less cost efficient. 

[0005] The present invention is directed to overcom- 
ing one or more of the problems set forth above. Briefly 
summarized, according to one aspect of the present in- 
vention, the invention resides in a method for character- 
izing a response function of an output device, the meth- 
od comprising the steps of: (a) producing a test image 
on the output device with a set of one or more test patch- 
es having known code values; (b) obtaining one or more 
captured images of the test image using a digital cam- 
era; (c) determining colorimetric values for each of the 
test patches in the captured images using a known re- 
sponse function of the digital camera; (d) determining a 
response function of the output device which relates the 
known code values to the determined colorimetric val- 
ues. 

[0006] The above and other objects of the present in- 
vention will become more apparent when taken in con- 
junction with the following description and drawings 
wherein identical reference numerals have been used, 
where possible, to designate identical elements that are 
common to the figures. 

[0007] The present invention has the advantage of not 
requiring costly equipment to measure output device re- 
sponse. Additionally, it has the advantage that the 
equipment which is used can be utilized for other pur- 
poses, and may be a device that the user already owns. 



Fig. 1 is a perspective view of a computer system 
for implementing the present invention; 
Fig. 2 is a side view of a digital camera for capturing 
an image; 

5 Fig. 3 is a flowchart showing an overview of the 

present invention; 

Fig. 4 shows the components of a typical camera 
response function; and 

Fig. 5 is a flowchart of a software program useful 
for characterizing the response function of a video 
display according to the method of a preferred em- 
bodiment of the present invention. 

[0008] In the following description, the present inven- 
tion will be described in the preferred embodiment as a 
software program. Those skilled in the art will readily 
recognize that the equivalent of such software may also 
be constructed in hardware. 

[0009] Referring to Fig. 1 , there is illustrated a com- 
puter system 10 for implementing the present invention. 
Although the computer system 10 is shown for the pur- 
pose of illustrating a preferred embodiment, the present 
invention is not limited to the computer system 10 
shown, but may be used on any electronic processing 
system. The computer system 10 includes a microproc- 
essor based unit 20 for receiving and processing soft- 
ware programs and for performing other processing 
functions. A video display 30 is electrically connected to 
the microprocessor based unit 20 for displaying user re- 
lated information associated with the software and dis- 
playing or previewing images. A keyboard 40 is also 
connected to the microprocessor based unit 20 for per- 
mitting a user to input information to the software. As an 
alternative to using the keyboard 40 for input, a mouse 
50 may be used for moving a selector 52 on the video 
display 30 and for selecting an item on which the selec- 
tor 52 overlays, as is well known in the art. 
[0010] A compact disk-read only memory (CD-ROM) 
55 is connected to the microprocessor based unit 20 for 
receiving software programs and for providing a means 
of inputting the software programs and other information 
to the microprocessor based unit 20 via a compact disk 
57, which typically includes a software program. In ad- 
dition, a floppy disk 61 may also include a software pro- 
gram, and is inserted into the microprocessor based unit 
20 for inputting the software program. Still further, the 
microprocessor based unit 20 may be programmed, as 
is well know in the art, for storing the software program 
internally. A printer 56 is connected to the microproces- 
sor based unit 20 for printing a hardcopy of the output 
of the computer system 10. 

[0011] Captured images may be input into the micro- 
processor based unit 20 via a personal computer card 
(PC card) 62 or, as it was formerly known, a personal 
computer memory card international association card 
(PCMCIA card) which contains digitized images elec- 
tronically embodied in the card 62. Alternatively, the 
captured images may be input into the microprocessor 
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based unit 20 using other means such as a serial inter- 
face, or an infrared communications link. Before pro- 
ceeding further, it is first instructive to have a basic un- 
derstanding of the process by which digitized images 
are typically formed with a digital camera. 
[0012] In this regard, and referring to Fig. 2, a camera 
70 includes an image sensor, such as a charge-coupled 
device (CCD), 80 having a plurality of pixels 90 for cap- 
turing the optical incident image 95. Any color filter array 
100, such as a Bayer array, is placed over the image 
sensor 80 for permitting a color representation of the im- 
age 95 (colored filter array image or CFA image) to be 
captured by the pixels 90, as is well known in the art. 
The pixels 90 convert the incident optical energy into a 
plurality of values, typically ranging from 0-255. The im- 
age 95 is then stored electronically on the PC card 62, 
or other storage media such as, RAM or a magnetic disk, 
for permitting later retrieval by well known computer de- 
vices. In some cases, the microprocessor based unit 20 
used to perform the processing functions may be pro- 
vided internally to the digital camera 70, so that the 
method of the present invention can be performed on 
either a host computer or in the digital camera 70. Alter- 
natively, the processing functions may be provided in- 
ternally to the output device being characterized. 
[0013] Referring to Fig. 3, there is illustrated a flow- 
chart showing an overview of the present invention that 
can be used to determine a response function for the 
output device. First, a test image is produced on the out- 
put device with one or more test patches having known 
code values (S100). Next, one or more captured images 
of the test image are obtained using a digital camera 
(S102). Colorimetric values for each of the test patches 
are then determined using a known response function 
of the digital camera (S104). Finally, the colorimetric val- 
ues are used to determine the response function of the 
output device (S 106). 

[0014] Each of the steps shown in Fig. 3 will now be 
described in more detail. The first step is to produce a 
test image on the output device (S100). The output de- 
vice will generally be a video display, or a printer, but the 
method can be applied to any other type of output device 
capable of displaying or producing an image. The test 
image is comprised of a set of one or more test patches 
having known device code values. Generally, the test 
patchesrnay include a series of neutral patches of dif- 
ferent gray values, as well as a series of colored patch- 
es. The test patches which are included in the test image 
will generally be chosen according to the type of device 
that is being characterized. Devices, such as video dis- 
plays, having relatively simple response functions will 
generally require fewer test patches than devices hav- 
ing more complex responses, such as printers. The ar- 
rangement of the test patches may be an important con- 
sideration in order to avoid introducing biases into the 
determined response function due to non-uniformities 
in the output device, or in the response function of the 
digital camera. For example, in some cases, it will be 



desirable to randomize the order of the patches, or to 
group the most critical patches in the center of the im- 
age. 

[0015] The next step is to obtain one or more captured 
s images of the test image using a digital camera (S102). 
This may involve having the computer instruct the user 
to capture images of the test image and subsequently 
input them to the computer. Alternatively, the digital 
camera may be controlled by the computer, so that the 
computer can initiate the capturing of the images. To re- 
duce the effects of image noise, it may be desirable to 
capture multiple images which can be used to produce 
averaged results. In some cases, all of the test patches 
may not fit into a single test image. In this case, it may 
be necessary to capture a series of images each of 
which contains only a portion of the test patches. The 
data from these images can then be combined to obtain 
a complete set of test patches. As mentioned before, 
the image(s) captured by the digital camera can be input 
into the microprocessor based unit 20 5 using many dif- 
ferent methods such as a PC card, a serial interface, or 
an infrared communication link. 

[0016] The next step is to determine colorimetric val- 
ues for each of the test patches in the captured test im- 
ages (S104). This is generally done by first extracting 
digital camera code values from the captured test imag- 
es. Typically, average digital camera code values are 
determined by averaging the pixels in the captured test 
images corresponding to each of the test patches. To 
avoid edge effects, the pixels near the edges of the test 
patches are usually not included in the averaging proc- 
ess. The location of the test patches may be determined 
using an automatic algorithm within a software program, 
or the user may be instructed to identify the coordinates 
of the patches using an input device such as a keyboard 
or a mouse. The digital camera code values will gener- 
ally consist of a triplet of red-green-blue (RGB) code val- 
ues, but in some cases other arrangements might be 
used that would produce other color combinations such 
as cyan-magenta-yellow (CMY) or cyan-magenta-yel- 
low-green (CMYG). The code values will generally be 
nonlinearly related to scene exposures. For purposes of 
illustration, it wilt be assumed that the digital camera pro- 
duces RGB code values, but the methods described can 
easily be generalized to work with other color combina- 
tions as well. Once the digital camera code values have 
been extracted for each of the test patches in the digital 
image, a known response function for the digital camera 
is then used to determine the corresponding colorimetric 
values for each of the test patches. The known response 
function of the digital camera may be a standard one 
which was predetermined for a certain model of digital 
camera, or it may be a custom response function that 
was measured in the factory, or determined using a 
characterization procedure for the individual digital cam- 
era that was used to capture the images. With reference 
to Fig. 4, in many cases, the known response function 
for the digital camera can be adequately specified by a 
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set of one-dimensional functions 110, followed by a ma- 
trix operation 120. The one-dimensional functions 110 
are used to transform the non-linear digital camera RGB 
code values into corresponding linear RGB signals. The 
matrix operation 1 20 is then used to transform the linear 
RGB signals into colorimetric XYZ tristimulus values 
which correspond to the colorimetry of the test patches 
produced on the output device. In some cases, im- 
proved accuracy can be obtained using more complex 
forms to describe the digital camera response function, 
such as multi-dimensional polynomial functions, or 
three-dimensional look-up tables (3-D LUTs). 
[0017] Referring back to Fig. 3, the final step is to de- 
termine the response function ol the output device 
(S106) using the colorimetric values determined in step 
S104. Depending on the type of output device being 
characterized, the response function of the output de- 
vice may take on many different forms. If the output de- 
vice is a video display, a simple response function in- 
cluding a set of non-linear one-dimensional functions 
followed by a color-correction matrix can typically be 
used to adequately describe the device response. In 
other cases, such as a printer, more complex forms for 
the device response function are generally required. 
The process of determining the response function of the 
output device may involve using the determined colori- 
metric values together with the known code values of 
the test patches to perform a mathematical regression 
procedure. In other cases, it may be appropriate to use 
other techniques to determine the output device re- 
sponse function from the colorimetric values. For exam- 
ple, interpolative techniques can be used to populate a 
multi-dimensional look-up table. 

[0018] Once the device response for the output de- 
vice has been determined, there are a number of ways 
in which the device response can be used. For example, 
it could be used to derive a device calibration function 
to correct the response of the output device to make it 
match some standard device response. Alternatively, it 
could be used to determine a device profile that could 
be used in a color management system to transform the 
color values in an image such that they have the desired 
color appearance when produced on the output device. 
[0019] An example will now be given of a preferred 
embodiment of the present invention where a digital 
camera is used to characterize the device response of 
a video display. 

[0020] Referring now to Fig. 5, there is illustrated a 
flowchart of a software program for a preferred embod- 
iment of the present invention. A color chart having a 
plurality of different-colored patches with known pixel 
values is input to the microprocessor-based unit 20 by 
any well known means, such as by using a PC card. The 
software is initiated S202, and the digital representation 
is then retrieved by the software program and displayed 
on the video display 30 (S204). A series of one or more 
images are then captured by a digital camera, such as 
a "KODAK" DC120 and the like. The captured digital 



camera images are then downloaded to the microproc- 
essor-based unit 20 for further processing. 
[0021] The software next processes the captured test 
images to extract digital camera code values for the test 

5 patches in the captured test images (S205). As dis- 
cussed above, this step will generally involve averaging 
the digital camera code values for the pixels which com- 
prise each of the test patches. Once the digital camera 
code values are determined, the next step is to deter- 

10 mine the corresponding colorimetric values for each of 
the test patches (S206). This is accomplished using a 
known response function for the digital camera, as pre- 
viously discussed. A response function for the video dis- 
play can now be determined which will relate the known 

is pixel values for the test patches to the corresponding 
colorimetric values representing the color produced by 
the video display. 

[0022] For a video display, a response function com- 
prising a non-linear one-dimensional function followed 
20 by a color-correction matrix is generally adequate to de- 
scribe the device response. This response function is 
functionally equivalent to the form of the camera device 
response function shown in Fig. 4. The non-linear one- 
dimensional functions can often be described by a rel- 
25 atively simple model with between one and four param- 
eters. The most important of these parameters is a 
"gamma" value which relates to the contrast of the video 
display. An example of a typical functional form for the 
non-linearity is given in the equation: 

30 

35 where CV input is the input code value, I is the resulting 
linear image intensity, and y is the gamma value. This 
non-linear function has the effect of converting the RGB 
device code values into linear RGB signals. To deter- 
mine the gamma value, a regression approach is gen- 
40 erally applied to a series of neutral test patches in the 
test images. The known device code values for the test 
patches are used for the input code values, and the cor- 
responding colorimetric values are used for the linear 
image intensity values. In some cases, more complex 
45 models of the device non-linearity may be needed to ac- 
curately represent the device response. These models 
might include additional parameters to represent off- 
sets, and black levels, and so forth. For the present ex- 
ample, it will be assumed that the simple one-parameter 
so non-linear model will be used. This step is shown as 
(S207) on Fig. 5. 

[0023] Continuing with the discussion of Fig. 5, once 
the non-linear one-dimensional function has been de- 
termined, it is then necessary to compute the color-cor- 
55 rection matrix for the video display which relates the lin- 
ear RGB signals to the corresponding colorimetric XYZ 
tristimulus values. This matrix can be determined using 
a regression approach based on the measured colori- 
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metric values for a set of colored test patches. Alterna- 
tively, it can be computed directly from the colorimetric 
values for a white patch, together with colorimetric val- 
ues for the red, green, and blue patches. For purposes 
of illustration, this second method will be described with 5 
reference to the preferred embodiment. The two steps 
involved with the second method are shown in Fig. 5 as 
the calculate chromaticity of white point step (S208), 
and the calculate chromaticity of the red, green and blue 
phosphors step (S210) 

[0024] The fundamental characteristic of the white 
point which is needed to determine the color correction 
matrix is its chromaticity, where the chromaticity can be 
determined from the XYZ tristimulus values using the 
equations 

x= Y+YTz < 2a > 
y-xTYTz < 26 > 

The chromaticity values can be determined directly from 
the determined colorimetric values for a white patch 
(255, 255, 255) in the test image. Alternatively, the chro- 
maticity for a series of neutral patches can be computed 
and averaged since the chromaticity of gray patches 
should be independent of intensity. In some cases, it 
may be more accurate to calculate the chromaticity of 
the white point indirectly, rather than directly from the 
colorimetric values of the neutral patches. For example, 
the white point of a video display will generally vary ac- 
cording to its color temperature. If the measured color- 
imetric values can be used to estimate the color temper- 
ature of the video display, the color temperature value 
can then be used to estimate the white point chromatic- 
ity using standard techniques (for example see: 
Wyszecki and Stiles, Color Science: Concepts and 
Methods, Quantitative Data and Formulas, Second Edi- 
tion, (1982)). 

[0025] Next the chromaticities of the phosphors must 
be determined using step S210. Typically, chromaticity 
values can be calculated directly from the measured 
colorimetric values for pure red (255, 0, 0), green (0, 
255, 0) and blue (0, 0, 255) test patches in the test target 
using Eq. (2). In some cases, if the model of the video 
display is known, the phosphor chromaticity values may 
be known a priori. If the measurement error is found to 
be larger than the variability in the known phosphor 
chromaticities, then the known values can be used in- 
stead of the measured values. 

[0026] From the white point chromaticity and the chro- 
maticities of the red, green, and blue phosphors, a color 
correction matrix (CCM) can be calculated (S212) by 
techniques familiar to those skilled in the art. The device 
response function, comprising the gamma value and the 
color correction matrix can then be stored (S21 4) and 
used for purposes of calibrating the video display or for 
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color correcting incoming images. The program can 
then be exited S216. 

[0027] Other features of the invention are included be- 
low. 

[0028] A method for characterizing a response func- 
tion of an output device : the method comprising the 
steps of: 

(a) producing a test image on the output device with 
a set of one or more test patches having known 
code values; 

(b) obtaining one or more captured images of the 
test image using a digital camera; 

(c) determining colorimetric values for the test 
patches in the captured images using a known re- 
sponse function of the digital camera; 

(d) determining a response function of the output 
device which relates the known code values to the 
determined colorimetric values. 

[0029] The method further comprising using either a 
video display or a printer as the output device. 
[0030] The method further comprising using any com- 
bination of an estimate of device non-linearity, white 
point, or colorant color to determine the response func- 
tion of the output device. 

[0031] The method further comprising using a plural- 
ity of gray patches as the test patches when an estimate 
of device non-linearity is included in the response func- 
tion of the output device. 

[0032] The method further comprising using a white 
patch as the test patch when the white point is included 
in the response function of the output device. 
[0033] The method further comprising using pure red, 
green and blue test patches when the colorant color is 
included in the response function of the output device. 
[0034] The method wherein the step of determining 
the response function of the output device includes pro- 
viding a one-dimensional non-linear function, and a 
color correction matrix. 

[0035] The method wherein the step of determining 
the response function of the output device includes pro- 
viding a three-dimensional look-up table. 
[0036] The method wherein the step of determining 
the response function of the output device includes pro- 
viding a multi-dimensional polynomial function. 
[0037] The method wherein the step of determining 
the colorimetric values includes averaging test patch 
values from multiple images. 

[0038] The method wherein the step of determining 
the response function of the output device includes com- 
bining the determined colorimetric values with known a 
priori output device characteristics. 
[0039] The method wherein the known a priori output 
device characteristics include the colorimetric values of 
the output device colorants. 

[0040] The method wherein steps (c) and (d) are per- 
formed using a microprocessor based unit inside the 
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digital camera. 
[0041] The method wherein steps (c) and (d) are per- 
formed using a microprocessor based unit inside the 
output device. 

[0042] The system further including means for deter- 
mining a calibration function for the output device from 
the determined response function of the output device. 
[0043] The system wherein the calibration function is 
used to correct the output device to make it substantially 
match a standard device response. 
[0044] The system further including means for modi- 
fying an image to be displayed on the output device ac- 
cording to the determined response function of the out- 
put device. 

[0045] The system further including means for deter- 
mining a device profile for the output device from the 
determined response function of the output device, 
wherein the device profile is intended for use in for a 
color management system. 

[0046] The computer program product wherein the 
known a priori output device characteristics include the 
colorimetric values of the output device colorants. 
[0047] The computer program product wherein steps 
(c) and (d) are performed using a microprocessor based 
unit inside the digital camera. 

[0048] The computer program product wherein steps 
(c) and (d) are performed using a microprocessor based 
unit inside the output device. 

[0049] The system further including means for deter- 
mining a calibration function for the output device from 
the determined response function of the output device. 
[0050] The system wherein the calibration function is 
used to correct the output device to make it substantially 
match a standard device response. 
[0051] The system further including means for modi- 
fying an image to be displayed on the output device ac- 
cording to the determined response function of the out- 
put device. 

[0052] The system further including means for deter- 
mining a device profile for the output device from the 
determined response function of the output device, 
wherein the device profile is intended for use in for a 
color management system 

[0053] A system for characterizing a response func- 
tion of an output device, the system comprising: 

(a) means for producing a test image on the output 
device with a set of one or more test patches having 
known code values; 

(b) means for obtaining one or more captured im- 
ages of the test image using a digital camera; 

(c) means for determining colorimetric values for 
the test patches in the captured images using a 
known response function of the digital camera; 

(d) means for determining a response function of 
the output device which relates the known code val- 
ues to the determined colorimetric values. 



[0054] The system further comprising either a video 
display or a printer as the output device. 
[0055] The system further comprising means for us- 
ing any combination of an estimate of device non-line- 

5 arity, white point, or colorant color to determine the re- 
sponse function of the output device. 
[0056] The system further comprising means for us- 
ing a plurality of gray patches as the test patches when 
an estimate of device non-linearity is included in the re- 

io sponse function of the output device. 

[0057] The system further comprising means for us- 
ing a white patch as the test patch when the white point 
is included in the response function of the output device. 
[0058] The system further comprising means for us- 

15 ing pure red, green and blue test patches when the col- 
orant color is included in the response function of the 
output device. 

[0059] The system wherein the means for determin- 
ing the response function of the output device includes 
20 providing a one-dimensional non-linear function, and a 
color correction matrix. 

[0060] The system wherein the means for determin- 
ing the response function of the output device includes 
providing a three-dimensional look-up table. 
25 [0061] The system wherein the means for determin- 
ing the response function of the output device includes 
providing a multi-dimensional polynomial function. 
[0062] The system wherein the means for determin- 
ing the colorimetric values includes averaging test patch 
30 values from multiple images. 

[0063] The system wherein the means for determin- 
ing the response function of the output device includes 
combining the determined colorimetric values with 
known a priori output device characteristics. 
35 [0064] The system wherein the known a priori output 
device characteristics include the colorimetric values of 
the output device colorants. 

[0065] The system wherein means for performing el- 
ements (c) and (d) are performed using a mtcroproces- 
^0 sor based unit inside the digital camera. 

[0066] The system wherein means for performing el- 
ements (c) and (d) are performed using a microproces- 
sor based unit inside the output device. 
[0067] The system further including means for deter- 
45 mining a calibration function for the output device from 
the determined response function of the output device. 
[0068] The system wherein the calibration function is 
used to correct the output device to make it substantially 
match a standard device response. 
so [0069] The system further including means for modi- 
fying an image to be displayed on the output device ac- 
cording to the determined response function of the out- 
put device. 

[0070] The system further including means for deter- 
55 mining a device profile for the output device from the 
determined response function of the output device, 
wherein the device profile is intended for use in for a 
color management system. 
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Claims 

1. A computer program product for characterizing a re- 
sponse function of an output device, comprising a 
computer readable storage medium having a com- 
puter program stored thereon for performing the 
steps of: 

(a) producing a test image on the output device 
with a set of one or more test patches having 
known code values; 

(b) obtaining one or more captured images of 
the test image using a digital camera; 

(c) determining colorimetric values for the test 
patches in the captured images using a known 
response function of the digital camera; 

(d) determining a response function of the out- 
put device which relates the known code values 
to the determined colorimetric values. 



output device includes providing a multi-dimension- 
al polynomial function. 

10. The computer program product of claim 1 , wherein 
s the step of determining the colorimetric values in- 
cludes averaging test patch values from multiple im- 
ages. 

11 . The computer program product of claim 1 , wherein 
to the step of determining the response function of the 

output device includes combining the determined 
colorimetric values with known a priori output de- 
vice characteristics. 

15 



20 

2. The computer program product as in claim 1 further 
comprising the step of using either a video display 
or a printer as the output device. 

3. The computer program product as in claim 2 further 25 
comprising the step of using any combination of an 
estimate of device non-linearity, white point, or col- 
orant color to determine the response function of 

the output device. 

30 

4. The computer program product as in claim 3 further 
comprising the step of using a plurality of gray 
patches as the test patches when an estimate of 
device non-linearity is included in the response 
function of the output device. 35 

5. The computer program product as in claim 3 further 
comprising the step of using a white patch as the 
test patch when the white point is included in the 
response function of the output device. 40 

6. The computer program product as in claim 3 further 
comprising the step of using pure red, green and 
blue test patches when the colorant color is includ- 
ed in the response function of the output device. 45 

7. The computer program product of claim 1 , wherein 
the step of determining the response function of the 
output device includes providing a one-dimensional 
non-linear function, and a color correction matrix. so 

8. The computer program product of claim 1 , wherein 
the step of determining the response function of the 
output device includes providing a three-dimen- 
sional look-up table. 55 

9. The computer program product of claim 1 , wherein 
the step of determining the response function of the 
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(54) A method for characterizing a response function of an output device 



(57) A method for characterizing a response func- 
tion of an output device, the method comprises the steps 
of producing a test image on the output device with a 
set of one or more test patches having known code val- 
ues; obtaining one or more captured images of the test 
image using a digital camera; determining colorimetric 
values for each of the test patches in the captured im- 
ages using a known response function of. the digital 
camera; and determining a response function of the out- 
put device which relates the known code values to the 
determined colorimetric values. 
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